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PREFACE 


This  report  contains  part  of  the  data  obtained  by  the  Global  Air 
Sampling  Program  (GASP)  since  the  publication  of  Federal  Aviation 
Administration  (FAA)  Report  Number  FAA-EQ-78-03 ,  "Guidelines  for 
Flight  Planning  During  Periods  of  High  Ozone  Occurrence." 

The  FAA  has  recently  published  Advisory  Circular  Number  AC-120-38, 

"Transport  Category  Airplanes  Cabin  Ozone  Concentrations."  (Copies 

of  this  advisory  circular  may  be  obtained  free  of  charge  from 

the  U.S.  Department  of  Transportation;  Publications  Section  M443.1; 

Washington,  D.C.  20590.)  In  this  document,  examples  were  presented 

of  acceptable  (but  not  the  only)  means  for  an  air  carrier  to  demonstrate 

compliance  with  the  maximum  permissible  cabin  ozone  concentrations 

established  by  Section  121.578  of  the  Federal  Aviation  Regulations  (FAR). 

In  paragraph  6  and  Appendix  2  of  this  advisory  circular,  it  is  stated 
that  any  ozone  data  set  used  to  show  compliance  must  have,  as  a  minimum, 
a  resolution  on  a  monthly  basis  of  2000  feet  in  altitude  and  5  degrees 
in  latitude. 

Even  though  the  GASP  data  in  this  report  are  not  tabulated  to  conform 
to  these  resolution  requirements,  we  would  like  to  disseminate  them 
at  this  time  as  information  to  the  scientific  community  and  other 
interested  groups.  Use  of  these  data,  as  tabulated,  to  show  compliance 
with  Section  121,578  of  the  FAR  is  neither  recommended  nor  acceptable. 

We  plan  to  publish  all  of  the  GASP  data  at  a  later  date  with  the 
required  resolution  (monthly,  2000  feet  in  altitude,  5  degrees  in  latitude) 
and  at  that  time  will  state  the  FAA  policy  as  to  their  acceptability 
for  use  in  satisfying  the  requirements  of  Section  121.578  of  the  FAR. 

JOHN  E.  WESLER 

Director,  Office  of  Environment  and  Energy 
Federal  Aviation  Administration 
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SUMMARY 

Tabulations  are  given  of  GASP  ambient  ozone  mean,  standard  deviation, 
median,  84th  percentile,  and  48th  percentile  values,  by  season,  flight 
level,  and  geographical  region.  These  tables  supersede  those  in  appendix  B 
of  "Guidelines  for  Flight  Planning  During  Periods  of  High  Ozone  Occurrence" 

1 FAA-EQ-7 8-03) ,  and  include  empirical  probability  data  which  are  not  avail¬ 
able  in  any  previous  climatological  ozone  tabulations.  Selected  probability 
variations  are  highlighted  to  illustrate  the  types  of  curves  which  might  be 
appropriate  in  specific  analyses  of  the  tabulated  data,  and  an  example-case 
calculation  is  presented  to  illustrate  the  use  of  the  tabulated  data  in 
estimating  the  frequency  of  commercial  airline  flights  encountering  high 
cabin  ozone  levels. 


INTRODUCTION 

Since  March  1975  the  NASA  Global  Atmospheric  Sampling  Program  (GASP) 
has  been  obtaining,  archiving,  and  analyzing  atmospheric  trace-constituents 
data  in  the  upper  troposphere  and  lower  stratosphere  using  fully  automated 
sampling  systems  on  several  Boeing  747  airplanes  in  routine  commercial  ser¬ 
vice  (ref.  1).  GASP  systems  have  been  operated  on  a  United  Airlines  B747, 
two  Pan  American  World  Airways  B747's,  and  a  l)antas  Airways  of  Australia 
B747.  Data  from  the  United  airliner  were  over  the  contiguous  United  States 
and  between  the  U.S.  West  Coast  and  Hawaii.  Global  coverage  was  provided  by 
the  Pan  Am  and  Santas  airliners  on  routes  between  U.S. A.  and  Europe,  U.S. A. 
and  South  America,  U.S. A.  and  Japan,  U.S. A.  and  Australia,  Australia  and 
Africa,  and  Australia  and  Europe. 

Used  in  compiling  the  tabulations  presented  herein  were  84  620  ambient 
ozone  observations  from  over  2UU0  flights  of  these  airliners  between 
March  11,  1975,  and  January  5,  1978.  These  tables  supersede  those  given  in 
appendix  B  of  "Guidelines  for  Flight  Planning  During  Periods  of  High  Ozone 
Occurrence"  (ref.  2).  It  is  anticipated  that  these  tables  will  again  be 
updated  when  the  remainder  of  the  GASP  data  (January  1978  -  June  1979)  are 
processed  into  a  format  suitable  for  analysis. 


INSTRUMENTATION 

Ozone  was  measured  on  all  aircraft  by  commercially  available  ultra¬ 
violet  absorption  photometers  modified  and  repackaged  to  operate  in  the  air¬ 
borne  environment.  Readings  are  continuous,  updating  every  2U  seconds,  with 
data  recorded  nominally  eight  times  per  hour.  The  instrument  range  is  from 
U.U03  to  2U  ppmv  (parts  per  million  by  volume).  Operational  procedures,  set 
up  to  insure  the  integrity  of  the  data,  included  in-flight  instrument  health 
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checks,  instrument  calibration  techniques,  measurement  of  ozone  loss  in  the 
GASP  air  sample  inlet  line  and  pressurization  system  1  ref .  i) ,  and  periodic 
instrument  maintenance. 

All  flight  instruments  were  calibrated  before  installation  in  the  air¬ 
craft  and  periodically  thereafter  using  a  secondary  transfer  standard.  This 
standard  is  a  laboratory-type  ultraviolet  photometer  which  was  initially 
calibrated  using  a  1  percent  neutral  buffered  potassium  iodide  (Kl)  method. 
Later  in  the  GASP  program,  the  standard  was  calibrated  at  the  NASA  Jet 
Propulsion  Laboratory  (JPL;.  This  calibration  is  traceable  to  the  JPL 
5-meter  UV  photometer  described  in  reference  4.  The  Kl  calibration  was 
found  to  be  9  percent  higher  than  the  UV  photometer  calibration.  Thus,  all 
published  GASP  ozone  data  are  9  percent  higher  than  the  JPL  calibrations. 
This  is  a  systematic  difference  and  can  be  ea;  y  corrected  if  the  Kl  method 
is  determined  to  be  incorrect  and  another  method,  such  as  the  UV  photometer, 
is  adopted  as  the  standard. 

The  random  error  of  the  GASP  ozone  measuring  system  -as  found  to  be 
less  than  4  percent  of  reading  or  U.OOJ  ppmv,  whichever  is  greater.  A  com¬ 
plete  description  of  the  ozone  measurement  system  is  given  in  reference  J. 


PRESENTATION  OF  DATA 
Availability 

All  GASP  data  are  available  to  the  public  on  magnetic  computer  tape 
from  the  National  Climatic  Center,  Federal  Building,  Asheville,  North 
Carolina  28801.  The  data  tabulated  here  are  from  GASP  tapes  VLudUl  to 
VL0014.  These  tapes  include  all  data  obtained  by  GASP-equipped  aircraft 
from  March  11,  1975,  to  January  5,  1978.  Flight  routes  and  dates,  instru¬ 
mentation,  data  processing  procedures,  data  tape  specifications,  and  se¬ 
lected  analysis  are  reported  in  references  5  to  14. 


Explanation  of  Data  Tables 

In  this  report  ozone  amounts  are  expressed  as  a  volumetric  mixing 
ratio,  parts  per  million  by  volume  (ppmv).  Since  ozone  levels  in  the  liter¬ 
ature  may  be  expressed  in  any  of  several  commonly  used  units,  the  inter¬ 
relationship  among  these  is  given  in  appendix  A.  Note  that  several  of  these 
relations  require  that  temperature  and/or  pressure  be  known  or  assumed  and 
that  the  conversion  of  averaged  values  will  be  an  approximation  because  of 
the  nonlinearity  of  the  conversion. 

The  GASP  data  in  tables  1  to  Xll  are  summarized  by  season  for  the 
5000-ft  altitude  increments  in  geographical  regions  of  1U°  latitude  by  45° 
longitude  shown  in  figure  1.  These  flight  levels,  285  to  JJ5,  355  to  3b5, 
and  385  to  435  (2a  5U0  to  J3  500,  35  500  to  38  500,  and  36  500  to 
43  500  ft),  may  be  considered  representative  of  low,  medium,  and  high 
altitude  cruise  conditions  for  B747  aircraft,  and  contain,  respectively, 
about  20,  45,  and  30  percent  of  all  GASP  observations.  The  geographical 
regions  were  selected  so  that  regions,  or  combinations  of  adjacent  regions, 
coincide  with  major  flight  routes  as  nearly  as  possible  (e.g.,  contiguous 
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U.S.  =  30°  to  50°  N,  75°  to  120°  W;  and  U.S.A.  to  Europe  =  40°  to  60°  N, 

15°  E  to  75°  W) .  For  each  region,  the  tabulation  includes  mean,  standard 
deviation,  median  (50th  percentile),  64th  percentile,  and  9ttth  percentile 
ozone  amounts,  in  addition  to  the  number  of  observations.  If  needed,  more 
detailed  altitude  resolution  is  provided  by  the  tabulations  at  odd-thousand- 
foot  altitudes  in  appendix  B,  but  note  that,  because  the  number  of  observa¬ 
tions  in  the  tabulated  geographical  regions  is  smaller  here  than  in  tables  1 
to  Xil,  the  statistical  confidence  level  is  less  in  some  intervals. 

It  is  well  known  that  ozone  levels  are  low  in  the  troposphere  and  in¬ 
crease  with  altitude  above  the  tropopause.  This  is  apparent  in  the  appendix 
C  tables  which  give  the  ozone  mean,  standard  deviation,  median,  B4th  per¬ 
centile,  and  y8th  percentile  levels  for  all  GASP  observations  in  5000-ft 
intervals  with  respect  to  the  tropopause^) 

An  example  of  the  way  these  tabulations  can  be  used  to  estimate  the 
frequency  of  commercial  airline  flights  encountering  high  cabin  ozone  is 
given  in  appendix  L>. 

Selected  Graphical  Presentations 

It  is  well  known  that  ozone  levels  increase  with  latitude  and  altitude, 
that  they  are  maximum  in  the  spring,  and  that  the  probability  of  encounter¬ 
ing  high  ozone  levels  follows  the  same  trends  (e.g.  ref.  17).  These  varia¬ 
tions  are  quantified  in  the  tables  herein,  with  selected  empirical  probabil¬ 
ity  variations  highlighted  in  figures  2  to  5.  These  figures  are  intended  as 
examples  of  the  types  of  curves  which  can  readily  be  plotted  from,  and  which 
might  be  appropriate  in  specific  analyses  of,  the  tabulated  data. 


*The  tropopause  pressure  for  each  GASP  observation  was  obtained  by 
time-and-space  interpolation  from  National  Meteorological  Center  (NMC) 
archived  data  fields.  Except  for  winter  and  spring  1976,  these  fields  were 
determined  by  the  Flattery  global  analysis  method  (ref.  15).  The  only 
tropopause  pressure  data  available  to  GASP  for  winter  and  spring  1976  were 
determined  by  the  Gustafson  method  (ref.  16),  which,  as  reported  in  refs,  b 
to  11,  appears  to  define  a  consistently  lower  tropopause  than  does  the 
Flattery  method.  Based  on  (unpublished)  analyses  of  GASP  data  from  July 
1976  through  December  1977  for  which  tropopause  pressure  values  from  both 
schemes  were  available,  we  have  reduced  all  NMC  tropopause  pressures  for 
winter  and  spring  1976  by  50  hPa  (mbar). 

^Care  in  using  a  consistent  tropopause  definition  is  critical.  For 
example,  in  the  appendix  C  tables  which  are  with  respect  to  the  Flattery 
tropopause,  25  percent  of  all  observations  were  in  the  stratosphere.  How¬ 
ever,  if  the  data  for  0  to  5000  ft  below  the  Flattery  tropopause  are  in¬ 
cluded  in  the  stratosphere,  as  they  would  be  in  analyses  with  respect  to  the 
Gustafson  tropopause,  then  one  would  conclude  that  50  percent  of  all  obser¬ 
vations  were  in  the  stratosphere. 
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In  figure  2  the  variation  of  the  median  (50th  percentile)  ozone  mixing 
ratio  with  latitude  is  shown  for  low,  medium,  and  high  cruise  altitudes  in 
the  spring  (part  (a)),  and  for  each  season  at  flight  levels  335  to  385 
(part(b)).  Note  that  for  ( LAT  |  >20°,  variations  with  latitude,  season,  and 
flight  level  are  all  significant. 

In  figure  3,  four-point  cumulative  frequency  distributions  (cfd's)  have 
been  plotted  from  the  tabulated  data  for  selected  latitudes  at  flight  levels 
335  to  385  in  the  spring.  These  curves  snow  the  fraction  of  observations 
(on  the  ordinate)  in  which  the  ozone  level  equalled  or  exceeded  any  given 
ozone  level  (on  the  abscissa).  For  example,  at  40°  to  50°  N  latitude,  the 
probability  of  encountering  ambient  ozone  greater  than  0.3  ppmv  would  be 
40  percent. 

Figure  4  shows  the  zonal  latitude-flight  level  cross  section  of  the  84th 
percentile  ozone  values  for  spring.  The  constant  mixing  ratio  contours 
define  regions  where  the  probability  is  greate  than  16  percent  that  the 
ozone  will  exceed  the  contour  value  on  any  independent  observation;  that  is, 
the  probability  of  encountering  ozone  above,  say  0.2  ppmv,  is  greater  than 
lb  percent  in  ail  regions  where  the  84th  percentile  value  is  greater  than 
0.2  ppmv.  In  figure  5,  the  same  data  used  in  figure  3  are  cross  plotted  to 
show  the  vertical  distributions  of  the  84th  percentile  values  at  selected 
lat itudes. 


CONCLUDING  REMARKS 

Tabulations  are  given  of  GASP  ambient  ozone  mean,  standard  deviation, 
median,  84th  percentile,  and  98th  percentile  values,  by  season,  flight 
level,  and  geographical  region.  These  tables  supercede  those  in  appendix  B 
of  "Guidelines  for  Flight  Planning  During  Periods  of  High  Ozone  Occurrence" 

( FAA-EI1-7S-03)  ,  and  include  empirical  probability  data  which  are  not  avail¬ 
able  in  any  previous  climatological  ozone  tabulations.  Selected  probability 
variations  are  highlighted  herein  to  illustrate  the  types  of  curves  which 
can  readily  be  plotted  from,  and  which  might  be  appropriate  in  specific 
analyses  of,  the  tabulated  data.  Also  an  example-case  calculation  is  pre¬ 
sented  in  an  appendix  to  illustrate  how  these  tables  might  be  used  to  esti¬ 
mate  the  frequency  of  commercial  airline  flights  encountering  high  cabin 
ozone  levels. 
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Latitude,  deg 
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Longitude 
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Figure  1.  -  Geographical  grid 


Longitude 

used  for  ozone  tabulations. 
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Median  ozone  mixing  ratio,  ppmv 


(bi  Flight  levels  335  -  385. 

Figure  2.  -  Variation  of  zonal  median  (50th  percentilei 
ambient  ozone  mixing  ratio  with  latitude,  flight 
level,  and  season.  Number  of  observations  is  given 
in  parentheses. 
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figure  3.  -  Ambient  ozone  cumulative  frequency  distribu¬ 
tions  for  spring  at  flight  levels,  335  to  385,  Number  of 
observations  is  given  in  parentheses. 
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Figure  4.  -  Northern  hemisphere  latitude  -  flight 
level  cross  section  of  zonl  84th  percentile  ozone 
mixing  ratios.  Number  observations  for  each 
flight  level  is  given  in  parentheses. 
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APPENDIX  A 


OZONE  UNIT  CONVERSION  FACTORS 


■  Multiply  "Prom"  units  by  this  factor  to  get  "To"  units.  All  temperatures  are  in  K  and  all  prcaaurca 
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APPENDIX  C 

TABULATIONS  OF  GASP  AMBIENT  OZONE.  DATA  WITH  RESPECT  TO  THE  TROPOPAl'SE 

TABLE  C-l.  -  GASP  OZONE  DATA  (PPMV)  WITH  RESPECT  TO  DISTANCE 
FROM  THE  TROPOrAPSE  DURING  WINTER. 
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TABLE  C-2 .  -  GASP  OZONE  DATA  (PPMV)  WITH  RESPECT  TO  DISTANCE 
FROM  THE  TROPOPAUSE  DURING  SPRING. 
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TABLE  C-4.  -  GASP  OZONE  DATA  (PPMV)  WITH  RESPECT  TO  DISTANCE 
FROM  THE  TROPOPAUSE  DURING  AUTUMN. 


Cotio : 


ru'fi-  th. in 
SO()( !  It  hi  I  in 
t  > p- » i /  se 


0-3000  ft  0-5000  ft 

bn  low  above 

t  ropop.iuse  tropopause 


3000-10000  ft 
above 
t  ropopause 


more  than 
10000  ft  above 
tropopause 


.265 

.008 

6 

.2  64 

.272 

•  273 

.254 

.081 

*12 

.260 

•  336 

•  3»9 

.220 

.083 

1159 

.213 

.309 

.386 

.166 

.082 

1229 

.169 

•  27* 

.383 

.162 

.052 

152 

.15* 

.212 

.321 

.160 

•  025 

2 

.135 

•  165 

•  1*5 

.316  .06*  *7 

.31?  .335  .5*? 


•36?  .091  366 

.3*6  .*21  • 5*5 


.296  .091  10** 

.300  .3*3  .*69 


•  469 

.055 

38 

•  476 

.567 

•  562 

•  400 

.104 

116 

•  396 

.493 

•  646 

.379 

•  1  16 

521 

•  379 

.491 

•  635 

.258  .112  599 

.237  .366  .529 

.3*3  .149  239 

•378  .521  .601 

.28*  .097  31 

.266  .379  .**1 

.*22  .09*  3 

.*2?  .53.  .53. 

.15*  .061 

.1*9  .;>10 

.113  .669 

.096  .176 

.086  .66* 
.05*  ,|36 

.093  .051 

.083  .1*1 

.0*5  .023 

.039  .055 


.110  .032 

.106  .105 

5 

.170 

.218  .122 
.197  .379 

8* 

•  443 

.170  .053 

•164  «??4 

15 
•  255 

.19.  .071 

.17*  .285 

Si 
•  32? 

.310  .158 

.397  .*39 

40 
•  46? 

.354  .061 

•362  .416 

too 

•  451 

.294  .046 

.279  .353 

30 

.369 

.292 

.153 

76 

.293 

.*79 

.536 

.356 

.018 

3 

.366 

.369 

•  369 

.400 

•  012 

5 

.404 

•  408 

•  414 

.371 

.0*8 

62 

.367 

.*07 

•  437 

.*22 

•  174 

47 

.359 

.579 

.774 

•  039 

•  105 

47 

•  6T4 

•  901 

•  936 

APPENDIX  D 


AN  EXAMPLE  OF  THE  USE  OF  THE  TABLES  TO  ESTIMATE  THE  FREQUENCY 
OF  FLIGHTS  ENCOUNTERING  HIGH  CABIN  OZONE 

This  appendix  describes  an  example  of  the  use  of  the  data  tabulated  in 
this  report  to  investigate  compliance  with  maximum  and  t ime- we ight ed  average 
permissable  cabin  ozone  concentrations  established  by  Section  121.578  of  the 
Federal  Aviation  Regulations  (ref.  18).  Wherever  appropriate  we  have 
adopted  the  nomenclature  used  in  reference  19.  Anyone  making  this  type  of 
calculation  for  the  purpose  of  demonstrating  compliance  should  refer  to  ref. 
iy  and  contact  the  FAA  regarding  acceptable  data  and  procedures. 

Problem: 

How  frequently  would  a  B747-100,  flying  over  the  contiguous  United 
States  at  medium  altitudes  (FL  835  to  385)  in  the  spring,  encounter  ambient 
ozone  levels  sufficiently  high  to  cause  the  cabin  ozone  limits  in  refer¬ 
ence  18  to  be  exceeded? 


Given: 

Ambient  ozone.  -  Mean,  standard  deviation,  median,  84th  percential 
value,  and  ybth  percentile  value  from  table  V  (spring,  FL  335  to  385). 

Ai rc  raf  t .  -  The  retention  ratio  (R  =  cabin  ozone/ambient  ozone)  for  the 
B747-100  is  assumed  to  be  equal  to  U.465  (refs.  13  and  20  to  22).  Data  from 
this  airplane  show  that  the  average  ratio  of  the  density  of  cabin  air  to 
sea-level  air  at  25°  C  (-P/PQ)  was  0.82.  For  flights  over  the  contigu¬ 
ous  U.S.,  the  average  t ime-at-c ru ise  (=Tjg)  was  3  hr  (see  ref.  22,  table 
IV).  Allowing  1  hr  for  taxi  +  ascent  +  descent  at  zero  ozone  (ref.  18) 
gives  an  average  flight  segment  time  (Tpg)  of  4  hr. 

Ozone  limits.  -  The  rules  in  reference  18  require  that,  from  takeoff  to 
touchdown,  the  time-weighted  average  ozone  level,  03TWA,  in  the  cabin 
must  be  less  than  0.1  ppmv  ^SLE  and  that  the  maximum  cabin  ozone  level, 
03MAX,  must  never  exceed  0.25  ppm  ^SLE. 

For  the  aircraft  and  flight  parameters  specified,  these  cabin  ozone 
limits  are  equivalent  to  requiring  that  the  average  ambient  ozone  level  at 
cruise  be  less  than 


^ihe  statement  of  the  rule  in  units  of  sea- leve 1-equiva lent  ppmv 
(ppmv  SLE)  is  equivalent  to  specifying  limits  on  ozone  density  (e.g., 
g/m-*).  For  a  constant  ozone  density,  the  allowable  true  volume  fraction 
(e.g.,  ppmv)  in  the  cabin  will  vary  inversely  with  cabin  pressure  (see 
appendix  A  and  ref.  23). 
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[  03TWA  limit]  x  ( TpS )  /  (  T  j_g>  /  l  (  P/ PQ)  x  R]  = 

1(0.1  ppmv  SLE)  x  (4  hr) ] / ( 3  hr)  7(0.82x0.465)  =  0.350  ppmv 


and  that  the  ambient  ozone  never  exceed  I 

i 

i  03MAX  limit J/1(P/PQ)  x  Rj  =  ' 

(0.25  ppmv  SLE )/( 0. 82x0. 465)  =  0.656  ppmv 


So lut ions : 

Cruise  mean  limit.  -  it  was  shown  in  reference  22  that  the  probability 
of  the  cruise-mean  level  exceeding  a  given  value  can  be  approximated  by  the 
probability  that  any  observation  exceeds  the  same  level.  The  solution  given 
here  will  follow  procedure  1-A3  in  reference  22,  except  that  we  will  use  the 
tabulated  median,  84th  percentile,  and  98th  percentile  values  as  a  four- 
point  approximation  to  the  cumulative  frequency  distribution  (cfd).  Since 
the  data  are  tabulated  by  10°  latitude  intervals,  we  will  combine  data  from 
30°  to  40°  N  and  40°  to  50°  N  at  75°  to  120°  W  longitude  as  a  reasonable 
geographical  approximation  of  the  contiguous  United  States. 

The  separate  four-point  cfd's  for  30°  to  40°  N  and  40°  to  50°  N  are 
shown  in  part  a  of  figure  Dl.  Since  the  84th  percentile  values  are  greater 
than  0.350  ppmv  in  both  latitude  zones,  the  probability  of  encountering 
ambient  ozone  above  0.350  ppmv  will  be  greater  than  16  percent.  If  neces¬ 
sary,  we  can  obtain  a  numerical  estimate  as  follows:  for  30°  to  40°  N  we 
find  that  the  probability  of  encountering  ambient  ozone  greater  than  0.350 
ppmv  is  22.7  percent,  and  for  40°  to  50°  N  the  corresponding  probability  is 
30.5  percent.  Weighting  these  in  proportion  to  the  number  of  observations 
in  each  region  gives  a  probability  of  27.2  percent  that  the  cruise-mean 
ambient  ozone  level  will  exceed  0. 35U  ppmv. 

The  composite  cfd  for  30°  to  50°  N  calculated  from  tne  tabulated  data 
is  shown  in  figure  01(b).  Also  shown,  to  indicate  the  accuracy  of  the 
approximation,  is  the  cfd  for  30°  to  50°  N  determined  from  original  data. 
Because  in  most  regions  of  interest,  the  cfd's  will  be  concave  upward,  the 
approximation  will,  as  seen  here,  tend  to  slightly  overestimate  the 
probabilities  that  would  be  determined  from  more  detailed  data. 

If  we  examine  the  flight-averaged  data  for  a  B747-100  in  domestic  U.S. 
service  from  March  30  to  June  13,  1977  (table  IV  in  ref.  22),  and  delete 
flights  to  and  from  Hawaii,  we  find  that  9  out  of  40  flights,  or  22.5  per¬ 
cent,  encountered  cruise  mean  ambient  ozone  levels  above  0.350  ppmv.  This 
is  5  percent  less  than  our  estimate,  and  indicates  that  calculations  based 
on  climatological  data  should  not  be  expected  to  predict  exactly  the  prob¬ 
ability  of  encountering  a  given  ozone  level  on  individual  flights  or  series 
of  flights. 

Maximum  value  limit.  -  The  solution  to  this  problem  will  follow  proce¬ 
dure  II-A3  in  reference  22.  In  this  example  we  first  determine  the  prob¬ 
ability  that  the  ambient  ozone  level  will  exceed  0.656  ppmv  on  any  observa¬ 
tion.  Since  the  84th  percentile  values  are  less  than  0.656  ppmv  in  both 
latitude  zones,  this  probability  will  be  less  than  16  percent.  Linearly 
interpolating  between  the  84th  and  98th  percentile  values  in  the  tables, 
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this  probability  is  determined  to  be  3.6  percent  for  30°  to  40°  N  and  7. J 
percent  for  40°  to  50°  N.  Weighting  these  based  on  the  number  of  observa¬ 
tions,  the  probability  of  encountering  ambient  ozone  in  excess  of  0.636  ppmv 
on  any  independent  observation  is  estimated  to  be  3.7  percent. 

Following  the  procedure  in  reference  22,  we  assume  that  there  will  be 
two  independent  observations  per  hour  at  cruise,  so  for  this  example  there 
will  be  six  independent  observations  on  the  average  duration  flight.  The 
probability  of  encountering  one  or  more  observations  of  ambient  ozone  great¬ 
er  than  0.636  ppmv  is  estimated  to  be  (see  ref.  22) 

P(k  >  1)  =  100  (  1  -  (  1  -  (5.  7/ 100) ) b)  =  2  9.  n ; 

Note  that  this  is  more  than  22  percent  greater  than  the  probability  of  en¬ 
countering  ambient  ozone  above  0.656  ppmv  on  any  observation  in  either  lati¬ 
tude  zone. 

The  estimate  above  may  be  compared  with  the  flight-maximum  values  from 
the  reference  22  example-case  data  set  (again  with  Hawaii  flights  deleted) 
in  which  ambient  ozone  in  excess  of  0.656  ppmv  was  found  on  13/40  =  32.5 
percent  or  the  flights. 

Other  techniques  which  might  be  used  to  obtain  the  required  estimates 
include  procedures  which  use  tabulated  ozone  mean  and  standard  deviation 
values  with  an  assumed  form  of  the  ambient  ozone  frequency  distribution. 

This  type  of  estimate  is  outlined  in  detail  in  procedures  I-A4  and  I1-A4  of 
reference  22.  Although  the  normal  and  log-normal  approximations  may  give 
excellent  estimates  at  some  ozone  levels,  over  the  entire  range  of  ozone 
encountered,  the  empirical  method  provides  more  reliable  estimates  than 
either  method  requiring  an  assumed  frequency  distribution.  Therefore,  the 
best  approach  is  to  use  empirical  probability  data  whenever  they  are  avail¬ 
able. 


figure  0!  •  Orone  cumulative  frequency  distributions  (or  spring;  75°  -  IPO0  W  longitude-,  flight  levels  335  -  385  Sym¬ 
bols  denote  solution  points  in  example -case  calculation;  see  text. 
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